Objective: We aimed to assess whether perceived cognitive function influences employment and return to work in patients with coronary artery disease (CAD). Design: Prospective longitudinal cohort study. Setting: Health care system of So¨derta¨lje, Stockholm County, Sweden. Patients: We included consecutive unselected patients less than 65 years of age with CAD and followed them during 2 years. Main outcome measures: Gainful employment and return to work in patients with CAD. Results: We found that perceived cognitive function predicts both prevalence of unemployment [OR 2.06 (95% CI: 1.36-3.13); p ¼ 0.0006] and early retirement and sick leave due to coronary artery disease [OR 1.59 (95% CI: 1.12-2.25)] both at baseline and 2 years later. Furthermore, perceived cognitive function predicted return to work after an acute coronary event [OR 2.28 (95% CI: 1.08-4.84)]. Covariates such as age, sex, prevalence and degree of angina (CCS grade), cardiovascular risk factors and events did not change the predictive power. Conclusions: Perceived cognitive function is a hitherto unrecognised independent predictor of unemployment, sick leave and return to work in patients with coronary artery disease. Perceived cognitive function adds a new perspective on ability to gainful employment in patients with CAD. The findings might have significance both to individual care and to society.
Introduction
The overall risk for death and all-cause mortality has declined in patients with coronary artery disease (CAD) during the last decades [1] . However, CAD is still -at least in Sweden -a common cause of sickness absence and disability pension despite all improvements in care [2] . Most data on employment are gained from selected populations of patients such as those who have suffered and survived an acute myocardial infarction. Return to work after coronary events have been shown to be predicted by age, place of residence, education but only to a limited degree by severity of disease [3, 4] . Furthermore, patients' beliefs about their illness and affective reactions have been found to influence return to work [5, 6] .
Health related quality (HRQL) of life is a multidimensional construct. We found that the dimension perceived cognitive function was a main determinant of global HRQL in an unselected consecutive cohort of patients with CAD in Sweden [7] . Perceived cognitive function -reflecting a person's perception of his or hers ability to select relevant information, and to understand, retain, express and apply knowledge in specific contexts -has as yet not been evaluated as a predictor of unemployment, sick leave or return to work in patients with CAD.
We aimed to assess whether perceived cognitive function predicts unemployment, sick leave and return to work after a coronary event in patients with CAD.
Methods

Patients and trial design
We studied and followed an unselected cohort of patients with CAD in the health care system of So¨derta¨lje, Stockholm County, Sweden. The patient registry of Stockholm County Council allowed identification of all inpatients and outpatients visits at the department of medicine at So¨-derta¨lje Hospital. This hospital provides planned and emergency health care for acute and elective cardiac patients in a catchment area of approximately 95,000 habitants. All patients -with a diagnosis of coronary artery disease (ICD-9 code 410-414) -who had visited the hospital during the preceding year were identified. Details of the inclusion procedure and patient characteristics have been presented earlier [7] .
One-hundred and sixty-nine patients with an age less than 65 years of age -the regular age of retirement due to Swedish legislation -fulfilled the inclusion criteria and participated in this study. Patients were followed for 2 years. Working conditions, early retirement, sickness absence and unemployment were assessed on an annual basis. Cut off between the group of patients working and the group not working was defined as gainful employment greater than 50% of regular full-time -in Sweden 40 hours per week -regardless of reason. An additional 22 patients achieved the age of retirement during the 2 years of the study. Twenty patients did not complete the study of other reasons (5 deceased, 15 withdraw their consent or were lost to follow up). A total of 127 patients remained in the study after 2 years.
The HRQL-questionnaires were self-completed. One research nurse performed all interviews and physical examinations. She also handled all case report forms.
The cardiac health profile questionnaire (CHP)
CHP is a highly reliable and valid disease-specific HRQL questionnaire specially designed for respondents with CAD [7] . The patient first ranks existence and degree of current angina symptoms according to the Canadian Cardiovascular Society Classification (CCS) 0-4 [8] . The next 16 items assess HRQL in a broad perspective tapping physical/general health, cognitive, emotional and social functions [7, 9, 10] . The items of the CHP are presented in Appendix 1.
Domains of HRQL -Principal components
We explored the underlying domains of HRQL in this unselected population of patients with CAD [7] . A multivariate explorative principal component analysis was performed. Individual orthogonal principal components (PC), representing four domains of HRQL, were defined. We used Varimax rotation and Kaiser criterion to demarcate the total number of independent factors (principal components) retained. Internal consistency reliability demonstrated by Cronbach's a (within factors) were 0.74-0.86. In a validity analysis all PCs could explain HRQL, as assessed by the variance in the global EuroQol-VAS scale.
In the present study we used PC -domains of HRQL -as possible predictors for employment. The first PC perceived cognitive function represents ability to concentrate, drive to purposive activity, memory and problem solving (items 1-4). The second PC physical function/general health represents satisfaction with physical performance, general health, sexual life and other pain (items [13] [14] [15] [16] . The third PC social function is dominated by questions regarding sleep, relations, leisure activities and satisfaction with daily life (items 9-12). The fourth and last PC concerns depression, lack of pleasure, irritation, sadness, irritation, anxiety and control over feelings (items 5-8). We also included age and CCS grade as possible predictors of unemployment.
Statistical analysis
We aimed to assess whether perceived cognitive function -or any other domain of HRQLinfluence employment. We performed three different types of analyses with dependent variables representing slightly different aspects of employment. The dependent variables were unemployment, early retirement or sick leave due to coronary artery disease, respectively return to work after an index event. The reason why we performed three types of analyses was to test the homogeneity of the results. We used logistic regression analysis with loss function maximum likelihood and Quasi-Newton estimations. We performed all analyses with the STATISTICA Ò StatSoft, 6.0 software package [11] .
Independent variables were the four domainsprincipal components -of HRQL, age and CCS grade. The analyses were performed at baseline and after 2 years. Odds Ratios (OR), 95% confidence intervals (CI) and p-values were calculated. Adjusted ORs were calculated after addition of covariates such as risk factors for coronary artery disease (diabetes mellitus, hyperlipidemia, hypertension and smoking) and previous coronary events (myocardial infarction and coronary interventions).
Results
Demographic, chest pain and psychosocial characteristics of employed and unemployed participants at inclusion are presented in Table 1 . We found that unemployed patients rated their global HRQL significantly worse than the gainfully employed participants (p ¼ 0.00005). This difference seems to be due to a significantly lower perceived cognitive function (p ¼ 0.002) and general health/ physical function (p ¼ 0.009). However, we found no difference in the distribution of chest pain grade. The unemployed patients were slightly older.
At inclusion a multiple logistic regression analysis showed that both perceived cognitive function [ In summary perceived cognitive function seems to be a major independent predictor of unemployment, sick leave and return to work in patients with CAD.
Discussion
Cognition is defined as the process of knowing. Perceived cognitive function can be addressed by questions concerning the ability to select relevant information, and to understand, retain, express and apply knowledge in specific contexts of life [12] . Cognitive function is vital in modern working life. Studies of, for example, patients with acquired brain damage have shown that perceived cognitive function and life satisfaction are closely related to the ability to perform the usual activities of daily living, including return to work [12] [13] [14] . Recently a study of predictors of employment in men with HIV has shown that impaired cognitive function, rather than severity of HIV disease, was a barrier to return to work [15] . An individual's capabilities and own perception of health seem only to a limited degree to be explained by severity of disease and objectively measured functional status and grading of symptoms. Perceived cognitive function is the patient's experience of cognitive ability reflecting the complex synthesis of objective function with an individual's psychological and sociological content.
We have earlier reported that perceived cognitive function is a major determinant -explaining 43% of the variation in CHP ratings -in an unselected cohort of patients with CAD [7] . In the present study we explored the influence of perceived cognitive function and other independent components of HRQL on return to work. We found that perceived cognitive function and physical function/general health perception predict unemployment in patients with CAD.
The finding that physical function influences employment was expected. However, that perceived cognitive function predicts unemployment is hitherto unrecognised. The reason is probably that most instruments -used for assessment of HRQL in CAD -do not contain questions aimed to assess perceived cognitive function. The frequently used questionnaires such as Nottingham Health Profile (NHP) [16] , Seattle Angina Questionnaire [17] , EuroQol-5D [18] and the MOS 36-item Short-form Health Survey (SF-36) [19] have a dominance of questions relating to physical function and the emotional component of mental function but no questions at all reflecting perceived cognitive function.
One possible limitation of our study is that only perceived cognitive function was assessed. Values are given as N (%) or mean (95% confidence intervals). Employed = working more than 50% of full time; Unemployed = early retirement, sickness absence or not working for 50% or more of full time; CCS = Canadian Cardiovascular Society Classification of angina pectoris symptoms; HRQL = Health related quality of life assessed by Cardiac Health Profile (CHP). CHP global scores are transformed to a 0-1 scale were 0 is equal to death and 1 is equal to full health. Scores of the independent dimensions of HRQL (principal component scores derived from the CHP instrument are transformed to a 0-1 scale were 0 is equal to death and 1 is equal to full health.
However, the correlation between objectively measured cognitive function and perceived cognitive function is weak [20] . Furthermore, the sensitivity of objectively measured cognitive function seems to be rather low for assessing cognitive declines that may be small but, nonetheless, significant to the individual [20] . Some experts have proposed that perceived cognitive function should be related to emotional factors [20, 21] , but at least in our cohort, this is not true. In addition, a reduced perceived cognitive function has been shown to predict ill-health -assessed as a reduced capability to work -in other patient groups [13, 15] . Two related reports are findings of an influence of cognitive impairment on effectiveness of cardiac rehabilitation and percutaneous coronary intervention (PCI) [22, 23] . Moreover, cognitive function is decreased in elderly patients with cardiovascular risk factors -hypertension and diabetes mellitus -and in patients with subclinical arteriosclerosis [24] [25] [26] [27] . The most well-known cognitive decline in CAD patients is noted after coronary artery by-pass surgery (CABG). This decline is at least partly recognised as reversible [21, 28] . A potential limitation of our study is that the data are drawn from the Swedish health care system. The Swedish social insurance legislation system may be more liberal concerning long-term disability than that of other countries. Furthermore, we chose the cutoff for employment age (65 years) in view of the Swedish retirement system. Those facts could hamper international comparisons. Our results should, however, initiate research of the impact of perceived cognitive function on ability to work in other countries.
In conclusion we found that perceived cognitive function predicts unemployment, sick leave and return to work in patients with coronary artery disease in Sweden. Our findings add a new perspective on gainful employment in patients with coronary artery disease. The findings might have significance both to individual care and to society.
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